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ABSTRACT
Background: The nitrogen isotope ratio (NIR) is a promising index of traditional food intake for an Alaska Native (Yup’ik)

population, which can be measured in blood and hair. However, the NIR has not been calibrated to high-quality measures

of Yup’ik traditional food intake.

Objectives: Our primary objective was to examine associations between intakes of Yup’ik traditional food groups,

including fish, marine mammals, birds, land mammals, berries, greens, and total traditional foods, and the NIR. In an

exploratory analysis, we also examined whether NIR analyzed sequentially along hair could reflect dietary seasonality.

Methods: We recruited 68 participants from 2 Yup’ik communities in the Yukon Kuskokwim region of Southwest Alaska

(49% female, aged 14–79 y). Participants completed 4 unscheduled 24-h food recalls over the period peak of RBC and

hair synthesis preceding a specimen collection visit. The NIR was measured in RBCs ( n = 68), a proximal hair section

(n = 58), and sequential segments of hair from individuals in the upper 2 quartiles of traditional food intake having hair

>6 cm in length, plus 2 low subsistence participants for reference (n = 18). Diet–biomarker associations were assessed

using Pearson’s correlation and linear regression.

Results: Intakes of fish, marine mammals, berries, and greens were significantly associated with the NIR. The strongest

dietary association was with total traditional food intake (R2 = 0.62), which indicated that each 1� increase in the RBC

NIR corresponded to 8% of energy from traditional foods. Hair NIR appeared to fluctuate seasonally in some individuals,

peaking in the summertime.

Conclusions: Findings support the use of the RBC and hair NIR to assess total traditional food intake in a Yup’ik

population. Analyses of sequential hair NIR provided evidence of seasonality in traditional food intake, although seasonal

variations were modest relative to interindividual variation. J Nutr 2019;149:1960–1966.

Keywords: circumpolar health, traditional food, dietary seasonality, nitrogen stable isotope ratio, biomarker

evaluation

Introduction
Traditional foods, defined as those hunted or gathered from the
surrounding environment, have great cultural and nutritional
importance for native people throughout the circumpolar
north (1). The Yup’ik people of the Yukon-Kuskokwim Delta
region of Southwest Alaska still consume about 20% of
energy from traditional foods population-wide (2), with older
adults consuming significantly more (2–5). Yup’ik traditional
foods include predominantly fish, fish roe, seal oil, and seal
meat, which have been estimated to contribute 70–80% of
traditional food energy (2, 4). Yup’ik traditional foods also
include other locally harvested game including birds (e.g., ducks,

geese, cranes, ptarmigan), land mammals (e.g., caribou, moose),
and plants (berries and greens), although plants are a minor
contributor at <3% of traditional food energy (2, 6–8). There
is considerable interest in understanding how adherence to
a traditional dietary pattern relates to health in Yup’ik and
other Alaska Native people (9–12). Investigating that question
requires tools to assess traditional food intake easily, accurately,
and reliably.

Several key studies have evaluated the diet of Alaska Native
people using self-reported methods (2, 6, 13, 14). However,
some types of instruments, particularly food records or repeated
24-h recalls, can be challenging to administer in remote, rural
environments, and all self-reported methods have potential

Copyright C© American Society for Nutrition 2019. All rights reserved.
Manuscript received May 14, 2019. Initial review completed May 29, 2019. Revision accepted June 4, 2019.

First published online July 3, 2019; doi: https://doi.org/10.1093/jn/nxz144.1960



for bias and errors (15, 16). Dietary biomarkers are unbiased
measures (15) that have the potential to be more accurate and
easier to collect than self-reported measures of diet. The nitro-
gen isotope ratio (15N/14N; hereafter, “NIR”) is a biomarker
that is elevated in many of the foods comprising the Yup’ik
traditional diet because it increases up the food chain and,
thus, is particularly elevated in marine mammals and fish (4).
The NIR is strongly associated with the marine n–3 fatty acids
EPA and DHA (17–19), and more moderately associated with
traditional food intake based on food records (4). Our group has
used the NIR as a proxy for dietary intake of traditional Yup’ik
foods, and from these studies has demonstrated associations
with improved vitamin D status (11, 20), blood pressure (17,
21, 22), blood lipid profiles (17, 21, 23), and adipokine profiles
(17). These studies have built a strong evidence base supporting
the critical importance of traditional foods to health in this
population. However, the NIR has not been calibrated to high-
quality measures of Yup’ik traditional food intake that reflect
diet over the same time period as the biomarker, an aspect of its
validation that is essential for data interpretation.

An additional complication of assessing dietary intake
among Yup’ik people is that consumption of traditional foods
may vary with seasonal availability (24). Seasonal changes
in dietary intake can be difficult to measure using blood
biomarkers, as they require repeated participant visits for
sample collection. However, several studies have shown a strong
relation between the NIR of blood and hair, with correlations
exceeding 0.9 and a slope of 1 (19, 25). Hair can provide
valuable information on seasonal or annual dietary shifts
because it accretes dietary information over time (26–28). Thus,
stable isotope analysis along hair from long-haired individuals
could provide high-resolution data enabling reconstruction of
seasonal diets, as it has done in other studies of ancient and
modern populations (29–31). However, the extent to which
the NIR varies seasonally within individuals in the Yup’ik
population has not been examined.

This study had 2 aims. The first aim was to examine
associations of intakes of traditional food groups and total
traditional foods with the NIR in a Yup’ik study population
in Southwest Alaska. To maximize the validity of our dietary
measures, we conducted intensive dietary assessment via
4 weekly 24-h recalls (32–34), spanning the time of peak RBC
synthesis preceding the blood draw from which the RBC NIR
was measured. A second, exploratory aim was to investigate
seasonal and annual patterns of traditional food intake by
measuring the NIR sequentially along longer (>6 cm) hair
samples from individuals in the validation study who were in
the upper 2 quartiles of traditional food intake. Because human
hair grows at a rate of ∼1 cm/mo (35), we expected that 6 cm
would capture dietary intake over a period of roughly 6 mo.
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Methods
Participant recruitment and study procedures
Data are from the Center for Alaska Native Health Research Negem
Nallunailkutaa (“The Foods’ Marker”) study (36, 37). This study
was approved by the University of Alaska Fairbanks Institutional
Review Board and the Yukon-Kuskokwim Health Corporation Human
Studies Committee and Executive Board. Between 2008 and 2010,
70 participants aged 14–79 y were recruited from 2 coastal Yup’ik
communities in Southwest Alaska, here designated “A” and “B.”
At entry into the study, participants completed a demographic
questionnaire and the first of four 24-h-dietary recall interviews. Three
more dietary interviews were conducted over the next 4 wk, as described
elsewhere (36). Specimen collection was timed so that the mean age of
RBCs (1.5 mo) would coincide with the midpoint of the period over
which dietary interviews were conducted (38).

Collection of 24-h-dietary recall interviews, RBC, and hair samples
took place in community A from November to December 2008 and in
community B from March to April 2009. Blood samples were obtained
from 68 of the 70 participants (97%) and hair samples were obtained
from 58 of those 68 participants (85%), because hair collection was
restricted to individuals with hair >2 cm in length. For the segmental
analysis of hair NIR, we selected participants whose hair was >6 cm
in length and who were in the upper 2 quartiles of either traditional
food intake (>17% of energy) or RBC NIR (>8.85�). This included
16 participants (28% of participants with hair samples). We also
selected 2 participants with lower traditional food intake for sequential
analysis, 1 male and 1 female, as a comparison. Thus, the total number
of participants with sequential hair analyses was 18. Some participants
elected to participate in follow-up data collection, which took place
from May to June 2010 in community A and November to December
2009 in community B. If participants included in the segmental hair
analysis had a hair sample collected during the follow-up study, the
follow-up sample was used (11 out of 18 participants, 61%). This
was done to provide an opportunity to match the NIR of the earlier-
collected, proximal hair sample with its imputed location on the later-
collected, segmentally analyzed hair sample, assuming a hair growth
rate of 1 cm/mo.

Diet assessment
Repeated 24-h recalls are commonly used methods of total diet
assessment (39) that have been shown to accurately represent “usual”
intake. Four unannounced 24-h recalls were collected from each
participant by certified interviewers using computer-assisted software
[Nutrition Data System for Research (NDSR) software 2018; University
of Minnesota], as described in detail elsewhere (36). Dietary interviews
were 9 ± 5 d apart, with a minimum of 2 d between recalls. Intake
of dietary components was calculated from the NDSR food and
nutrient database by assigning NDSR food codes to categories of
traditional foods (40). All traditional food items were assigned to
1 of the following categories of traditional foods: fish, marine mammals,
terrestrial mammals, birds, greens, and berries (36).

Sample preparation
Blood samples were collected as described elsewhere (18). The RBC
portion was frozen at −12◦C, transported to the University of Alaska
Fairbanks and placed in an ultralow freezer at −80◦C.

Hair samples were collected by cutting a small pinch of hair (ca.
30–50 hairs) from the back of the head, just below the postoccipital
protuberance. Samples were taped with the follicle end labeled, folded
into aluminum foil strips, and stored in plastic bags for analysis. The
preparation of RBC and hair samples from the first phase of data
collection is described elsewhere (36, 37). Hair samples selected for
sectional analysis were aligned at the cut end, stretched out on glass,
and taped down with a single piece of laboratory tape parallel to and
covering the strand. Hair length was marked on the tape at 0.33-cm
intervals from the cut end. At each cm a 0.33 cm section of tape and
underlying hair was removed using a razor blade. Hair pieces were then
removed from the tape sections with forceps and cleaned with triplicate
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TABLE 1 Demographic characteristics and biomarker measurements by study sample1

Complete
sample

Hair
subset

Segmental hair
subset

n 68 58 18
Sex, % female 49 52 892

Age, y 41 ± 18 41 ± 17 49 ± 122

14–19, % 16 12 0
20–39, % 32 34 28
40–59, % 40 41 61
≥60, % 12 12 11

BMI, kg/m2 27.2 ± 6.3 27.4 ± 6.3 30.8 ± 6.92

<18.5, % 1 0 0
≥18.5 to ≤25, % 44 41 22
>25 to ≤30, % 24 29 11
>30 kg/m2, % 31 29 67

Stable isotope ratios
RBC NIR, � 9.3 ± 1.8 (6.3, 13.5) 9.3 ± 1.8 (6.3, 13.5) 10.4 ± 1.62 (7.8, 13.5)
Hair NIR, � — 10.8 ± 2.0 (6.9, 15.2) 12.0 ± 1.92 (8.2, 15.2)

1Values are percentages, mean ± SD, or ranges (min, max). NIR, nitrogen isotope ratio, expressed as δ15N values.
2Differs from complete sample and hair subset, P < 0.05 (t test or chi-square test).

30-min washes with sonication in 2:1 methanol chloroform to remove
adhesive, natural oils, and shampoo residues, and then the samples were
washed and sonicated 3 times in distilled water and oven-dried at 50◦C
for 24 h (41–43). The dried hair sections were placed into 11 × 8 mm
tin capsules, and the capsules were crushed into balls and loaded into
an auto-sampler for stable isotope analysis. The resulting sample masses
ranged from 0.3 to 0.6 mg.

Stable isotope analysis
Hair and RBC samples were analyzed for their NIR at the Alaska Stable
Isotope Facility at the University of Alaska Fairbanks by elemental
analysis-isotope ratio mass spectrometry, as described previously (4, 19).
Although this study was focused on the NIR, the carbon isotope ratio
is measured concurrently during elemental analysis-isotope ratio mass
spectrometry and the carbon isotope ratio of segmental hair analyses
are reported in the supplemental materials (Supplemental Tables 1 and
2). Samples were analyzed as described elsewhere (25), and nitrogen
and carbon isotope ratios were presented as delta (δ) values relative
to atmospheric N2 and the Vienna Pee Dee Belemnite, respectively:
δX = (R sample/R standard -1) × 1000�, where X is 15N or 13C and R is
the ratio of heavy to light isotope. Precision as assessed by the standard
deviation of concurrently analyzed laboratory materials (peptone) was
within 0.3� for δ15N and within 0.2� for δ13C values. The integrity
of the stable isotope values from hair was assessed using the carbon to
nitrogen (C/N) ratio. The accepted atomic C/N ratio for modern hair is
2.9–3.8 (41) and the mean atomic C/N ratio of hair analyzed for this
study was 3.0 ± 0.2. For all individuals, the C/N ratio fell within the
acceptable range (Supplemental Tables 1 and 2).

Statistical analyses
All statistical analyses were performed using JMP version 8 (SAS
Institute). Differences in age, sex, and BMI between the study sample
with RBC measurements (n = 68), the study sample with hair
measurements (n = 58), and the study sample with segmental hair
analyses (n = 18) were assessed using t tests. Associations among
intakes of traditional food groups were assessed using Pearson product
moment correlation (r), as were intakes of each traditional food group
and total traditional foods with the NIR of RBC and hair. The relation
between total traditional food intake and NIR of RBCs and hair was
described using linear regression, both unadjusted and adjusted for
age, sex, and BMI. We also evaluated the associations of the NIR and
total traditional food intake with age, sex, BMI, and community using
multiple linear regression models. For the participants with segmental
analyses of hair NIR we used the intra-individual range of NIR among

all hair sections as a proxy for the seasonality of a participant’s
traditional food intake. Means are presented ± SDs, β coefficients are
given with upper and lower 95% CI and a significance level of α = 0.05
was used throughout the analyses.

Results
Study sample characteristics

The demographic characteristics and stable isotope ratios for
the study samples with RBC analyses (n = 68), hair analyses
(n = 58) and hair segmental analyses (n = 18), are shown
in Table 1. Participant characteristics and the RBC NIR did
not differ between the overall study sample and the subset with
hair analyses; however, participants selected for hair segmental
analysis were predominantly female, older, had higher BMI, and
higher RBC and hair NIR (Table 1).

Characteristics of traditional food intake

Total intake of traditional foods varied from 0 to 65% of
energy (20 ± 18%) and fish and marine mammals were the
largest contributors at 50% and 30% of traditional food energy,
respectively (Table 2). Intakes of fish and marine mammals were
strongly associated with each other (r = 0.70, P < 0.0001), and
with intake of berries (r = 0.51 and 0.47, respectively, both
P < 0.0001). Intakes of fish and marine mammals were also
associated with intake of greens (r = 0.31, P = 0.0089 and
r = 0.29, P = 0.015, respectively).

Biomarker associations with traditional food intake

Dietary intakes of fish, marine mammals, greens, and berries
were significantly associated with the NIR of RBCs and hair
(Table 2). The associations of land mammal and bird intakes
with the NIR of RBCs were marginally nonsignificant (both
P = 0.08, Table 2) and there was a marginally nonsignificant
association of land mammal intake with the hair NIR (P = 0.08,
Table 2). Total traditional food intake was strongly and linearly
associated with the NIR in RBCs and hair (R2 = 0.61 and
0.57, respectively, both P < 0.0001), and each 1� increase in
the NIR corresponded to an increase of 7–8% of energy from
total traditional foods [βRBC-NIR = 7.9 (6.3, 9.5), βhair-NIR = 7.1
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TABLE 2 Associations of Yup’ik traditional food intakes with the NIR of RBCs (n = 68) and hair (n = 58)1

RBC NIR Hair NIR

Dietary variable % of energy r2 (95% CI) P r2 (95% CI) P

Fish 10 ± 10 0.65 (0.48, 0.77) <0.0001 0.67 (0.50, 0.79) <0.0001
Marine mammals 6 ± 8 0.74 (0.60, 0.83) <0.0001 0.65 (0.47, 0.78) <0.0001
Land mammals 2 ± 3 0.21 (−0.03, 0.43) 0.08 0.23 (−0.03, 0.46) 0.08
Birds 1 ± 3 0.21 (−0.03, 0.43) 0.08 0.13 (−0.13, 0.38) 0.32
Greens 0.1 ± 0.3 0.36 (0.14, 0.55) 0.002 0.30 (0.05, 0.52) 0.02
Berries 0.4 ± 0.8 0.57 (0.39, 0.71) <0.0001 0.57 (0.36, 0.72) <0.0001
Total traditional foods 20 ± 18 0.78 (0.66, 0.86) <0.0001 0.75 (0.61, 0.85) <0.0001

1NIR, nitrogen isotope ratio, expressed as δ15N values.
2Pearson’s product moment correlation.

(5.5, 8.8), Figure 1]. Sex and BMI were not significant
when included as covariates, whereas age was marginally
nonsignificant (P = 0.052 for RBC NIR, P = 0.09 for hair
NIR).

The RBC NIR, hair NIR, and total traditional food intake
were all strongly associated with age [βRBC-NIR = 0.08�/y
(0.06, 0.09), βhair-NIR = 0.09�/y (0.07, 0.11), and
β total-traditional = 0.75%/y (0.6, 0.9), respectively, all
P < 0.0001], but not with sex, BMI, or community (A or B)
(all P > 0.1).

Seasonality of traditional food intake

The intraindividual mean and range of NIR from sequential
hair segments from 18 individuals with hair >6 cm in length
are summarized in Table 3. All original data are presented in
Supplemental Tables 1 and 2. Within individuals, NIR ranges
varied from 0.26� to 2.20� (mean = 1.45 ± 0.61�). NIR
tended to peak during the summer months among participants
whose NIR was variable (range ≥1.4�; Figure 2). This resulted
in some, although not perfect, synchronicity among individuals
from a given sampling location and date (Figure 2). There
were 4 individuals who participated in both first and second
hair collections and who had long enough hair that the first
hair collection time was reflected in the second, sequentially
analyzed hair sample (>18 cm for community A and >8 cm for
community B, based on sampling dates). The mean difference in
hair NIR between those time points for those 4 individuals was
0.5 ± 0.3�.

Discussion

This study explores how groups of Yup’ik traditional foods are
associated with the NIR of RBCs and hair and calibrates these
biomarkers to total traditional food intake, using intake data
from four 24-h recalls collected over the period of RBC and
hair synthesis. Although the NIRs of RBCs and hair have been
evaluated previously as biomarkers of marine food intake for
this population using RBC EPA and DHA as reference measures
(18, 19), their relations to specific groups of traditional foods
or to total traditional foods had not been very precisely
characterized. Most groups of Yup’ik traditional foods were
associated with the NIR of RBCs and hair, and each 1� increase
in the NIR corresponded to an increase of ∼8% of energy from
total traditional foods. In an exploratory analysis, we showed
that NIR analyzed along sequential segments of hair reflected
seasonality of traditional food intake in some individuals.
The maximum observed fluctuation in NIR was 2.2�, with
peaks occurring during the summer months. Seasonal patterns
of traditional food intake are important to consider when
designing health studies in the region.

A previous analysis of Yup’ik traditional foods showed that
NIR values were high in marine mammals, moderately high
to high in both marine and freshwater fish, moderately high
in birds (cranes, ducks, geese, swans), and low in terrestrial
herbivores (moose, caribou, muskoxen) and plants (berries and
greens) (4). In the present study, intakes of fish and marine
mammals were strongly associated with the NIR of RBCs and
hair, whereas intakes of land mammals and birds had more

FIGURE 1 Associations of total Yup’ik traditional food intake (% energy) with (A) RBC NIR, n = 68, and (B) hair NIR, n = 58. P < 0.0001 for
both. NIR, nitrogen isotope ratio, expressed as δ15N values
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TABLE 3 Range of NIR of sequential hair segments from participants in the upper 2 quartiles of traditional food intake with hair
>6 cm long (n = 18)1

Individual Community Visit Sex Age, y n2 NIR, �3 NIR range, �
A1 A 1 F 39 16 11.9 ± 0.6 1.8 (11.2–13.0)
A2 A 2 F 39 7 11.1 ± 0.6 1.5 (10.6–12.1)
A3 A 2 M 58 8 11.5 ± 0.2 0.6 (11.1–11.7)
A44 A 2 M 37 7 10.5 ± 0.3 0.8 (10.1–10.9)
A5 A 2 F 43 16 11.0 ± 0.6 2.1 (12.1–14.2)
A6 A 2 F 45 56 11.6 ± 0.5 2 (10.6–12.6)
A7 A 1 F 56 9 13.1 ± 0.7 2.1 (12.1–14.2)
A8 A 2 F 55 22 13.4 ± 0.6 2.2 (12.3–14.5)
A9 A 1 F 39 19 12.4 ± 0.5 2 (11.5–13.5)
A10 A 1 F 50 17 12.5 ± 0.4 1.5 (11.6–13.1)
A11 A 1 F 57 21 14.4 ± 0.4 1.4 (13.8–15.2)
A12 A 2 F 72 8 15.0 ± 0.3 0.8 (14.6–15.4)
B1 B 2 F 40 6 11.2 ± 0.6 1.4 (10.5–11.9)
B2 B 1 F 55 13 10.9 ± 0.3 0.8 (10.5–11.3)
B34 B 2 F 22 23 9.0 ± 0.4 2 (8.0–10.0)
B4 B 2 F 71 13 14.2 ± 0.6 1.9 (13.4–15.5)
B5 B 1 F 56 5 14.0 ± 0.1 0.3 (14.4–14.7)
B6 B 1 F 50 11 11.4 ± 0.3 1 (10.9–11.9)

1NIR, nitrogen isotope ratio, expressed as δ15N values.
2n = number of hair segments analyzed.
3Values are means ± SDs.
4Participants from the lower 2 quartiles of traditional food intake, included for comparison.

modest associations that did not reach statistical significance.
Surprisingly, intakes of greens and berries were also associated
with the NIR of RBCs and hair, despite those foods having low
NIR. These associations are likely to be the result of a dietary
pattern in our study, in which intakes of berries and greens
were associated with intakes of fish and marine mammals.
Previous studies in a Yup’ik population have differentiated
3 dietary patterns, termed “subsistence foods” (here termed
“traditional foods”), “fruits and vegetables,” and “processed
foods” based on data from FFQ (12, 44). In those studies,
intakes of seal/walrus soup, non-oily fish, greens, and bird
soup were the factors that best predicted the “subsistence
foods” dietary pattern, supporting our biomarker associations
with “greens.” Further studies of the Yup’ik traditional dietary
pattern are warranted.

The cohort recruited for this study exhibited a wide range
of traditional food intake, ranging from 0% to 65% of energy,
which was ideal for evaluating linear models of traditional food

intake based on the NIR. As has been previously described for
this population, both reported % energy from traditional foods
and the NIR were strongly associated with age, as elders tend
to consume a much more traditional diet than youth (2, 4,
45, 46). However, there was no association of the NIR with
either sex or community, in contrast to previous findings (4).
This discrepancy may be attributable to the smaller number of
participants in the present study. Coefficients of biomarker–diet
relations were very similar for RBCs and hair, supporting the
use of either sample type as determined by study suitability.
This finding is consistent with previous studies showing a very
strong association between the NIR measured in RBCs and
hair (19, 25), suggesting that the measurements are essentially
interchangeable after a small mathematical correction.

Sequential measurement of NIR in segments of long hair
samples showed modest temporal variation of traditional food
intake in most individuals, with 61% of the selected individuals
having ranges equal to or exceeding 1.4�, which is more

FIGURE 2 NIR of sequential hair segments collected at 2 locations: community A visit 1 (A) and visit 2 (B) and community B visit 2 (C). Only
participants with ranges in sequential hair NIR ≥1.4� are shown. Community B visit 1 is omitted because no participants had ranges ≥1.4�.
The “summer” months (Apr–Oct) are marked with a gray vertical bar. NIR, nitrogen isotope ratio, expressed as δ15N values.
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than double that expected from analytical error. The maximum
variation of 2.2� would correspond to changes in % energy
intake from traditional foods of up to ∼18%. These variations
appeared to peak roughly during the summer months, indicating
the potential for the NIR to indicate seasonality in dietary
intake among Yup’ik people. The seasonal nature of subsistence
activities by Yup’ik people has been well described (24, 47, 48),
including seasonal harvest of marine mammals, land mammals,
birds, berries, greens, and many fish species. Fish runs occur
throughout the spring and summer, starting with herring and
followed by salmon (king, red, chum, pink, and silver). The
seasonal availability of salmon is likely a major contributor
to the fluctuations observed in hair NIR. Overall, however,
seasonal shifts in the NIR within individuals were relatively
modest compared to differences in NIR among individuals,
suggesting that seasonality of diet does not preclude using the
NIR as an index of traditional food intake in studies that collect
measurements at varying times of year.

Some individuals consuming large amounts of traditional
food showed little to no seasonal fluctuation in NIR. During
salmon harvest, large numbers of fish are dried and smoked
for long-term storage, which may dampen seasonal variation in
intake in very traditional-living individuals. There are also fish
that are harvested through the ice during the winter months,
including Dolly Varden, smelt, pike, lushfish, whitefish, and
blackfish. Conversely, 1 of the individuals with low traditional
food intake showed surprisingly pronounced variability in hair
NIR. This individual may be taking advantage of traditional
foods only when seasonally abundant, or may be having
subsistence foods shared with them. Fall (1990) described
food sharing in a Yup’ik community, noting that a relatively
small percentage of the households harvested most of the
subsistence resources during summer and shared a large amount
of these harvests with other households (24). This observation
underscores the cultural and health importance of traditional
foods to these communities, even for individuals with relatively
low traditional food consumption overall. Further study of
dietary seasonality in low consumers of traditional foods is
warranted.

A limitation of this study is that intakes of traditional food
groups and total traditional foods were evaluated against self-
reported measures, which are known to have substantial error
and bias. Although little is known about the factors contributing
to reporting bias in this population, bias is commonly observed
by sex, BMI, or ethnicity (49, 50), which were not associated
with NIR in this study. Thus, bias cannot explain the strong diet-
biomarker associations reported here. Furthermore, repeated
24-h recalls are among the least biased and underreported of
the self-reported measures of “usual” intake (32, 34). Relatively
few males had hair >6 cm in length; thus, our characterization
of seasonality in traditional food consumers was limited to
a small number of individuals (n = 18), and females were
greatly overrepresented (89%). The study also had some unique
strengths. Although the study population was not large it
captured a wide range of dietary behaviors, representing diets
with almost no traditional food intake and diets with extremely
high traditional food intake. This was ideal for evaluating
a biomarker of traditional food intake and its pattern of
seasonality.

In summary, we found that the NIR of RBCs and hair was
strongly associated with several groups of Yup’ik traditional
foods, as well as total traditional food intake, with a 1�
increase in NIR corresponding to an increase of 7–8% of
calories from Yup’ik traditional foods. In an exploratory

analysis, we found that the NIR of sequentially measured
segments of hair reflected seasonal variation in traditional food
intake, peaking roughly during the summer months. However,
the magnitude of seasonal variations in traditional food intake
demonstrated in our sample was relatively modest compared
to differences in traditional food intake between individuals.
Our study shows that the NIR is a useful and potentially
noninvasive biomarker for assessing traditional food intake,
with the potential for assessing seasonal and annual patterns
of traditional food intake.
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